BACKGROUND Evidence on the effect of cardiorespiratory fitness (CRF) on age-related longitudinal changes of lipids
cholesterol (HDL-C) are important lipid risk factors for CHD (4) (5) (6) (7) . Existing evidence also suggests that elevated triglycerides (TG) are an independent risk factor for CHD (8) .
Age-related changes in lipid and lipoprotein concentrations are overall unfavorable.
For example, TC, LDL-C, and TG increase up to middle age, then decrease (9) (10) (11) (12) (13) (14) , whereas the change in HDL-C with aging is not consistent (11) (12) (13) (14) (15) (16) . Most previous studies had substantial limitations, including crosssectional study design (9, 11) , restricted age range (14) (15) (16) , relatively small sample size (10, 12, 14, 16) , nonfasting samples (13) , and a lack of analysis assessing time-varying covariates (12, 15) .
Strong evidence suggests that physical activity is a major modifiable lifestyle factor for preventing dyslipidemia (17) (18) (19) (20) . Meta-analyses and systematic reviews support that aerobic physical activity reduces LDL-C and non-HDL-C, with no consistent effect observed on TG and HDL-C (17) . However, an increasing effect on HDL-C with specific amounts of exercise and decreasing effects on TG has been reported in healthy, middle-age men and in the overweight/obese population (20, 21) . Previous studies have shown that improved cardiorespiratory fitness (CRF), an objective indicator of habitual physical activity, resulted in a more favorable lipoproteinlipid profile, with different effects across age groups (18, 19) . However, there is little evidence on the effect of CRF on age-related changes in lipids and lipoproteins. Because age-related changes in the lipid profile are mostly unfavorable, the aim of the current study is to identify the age-related trajectory for lipids and lipoproteins and, due to its important public health and clinical implications, to explore factors that might modify the trajectory.
More specifically, using data from the ACLS (Aerobics Center Longitudinal Study), we assessed the longitudinal aging trajectory for TC, LDL-C, TG, HDL-C and non-HDL-C and determined whether CRF modifies these trajectories in healthy men. The study protocol was approved annually by the Cooper Institute Institutional Review Board, and all participants gave their informed consent for the baseline examination and follow-up study.
METHODS
ASSESSMENT OF CRF. CRF was measured using a modified Balke protocol (22) , and details of the measurements are described elsewhere (23) . Exercise treadmill duration on this protocol is highly correlated with measured peak oxygen uptake in men (24) .
Treadmill time, expressed in metabolic equivalents, corresponds to maximal aerobic power and is considered an objective laboratory measure of CRF. In a previous study using ACLS data, CRF was demonstrated to decline at a nonlinear rate with aging (23).
Thus, CRF was standardized for age, and the study subjects were further categorized into low (lower than 33.3th percentile), middle (those within 33.3th to 66.7th percentile), and high (higher than 66.7th percentile) CRF groups according to the distribution of age-standardized CRF at baseline.
ASSESSMENT OF CLINICAL AND LIFE-STYLE
RELATED VARIABLES. Details of the clinical examination in ACLS are described elsewhere (23, 25, 26 Gamma distribution was applied for TG levels due to its positive skewness. Using the EMPIRICAL option in the PROC GLIMMIX statement, the classical sandwich estimators were obtained as covariance estimators for fixed effects to ensure a consistent estimator.
In model 1, we evaluated the age-related longitudinal change in TC, LDL-C, TG, HDL-C, and non-HDL-C.
Linear and quadratic models were both investigated.
In model 2, the influence of CRF was also examined. covariates. In addition, all models were fitted after adjusting for the baseline examination time as a proxy variable for the birth cohort.
We applied a log-likelihood ratio test to assess whether the model improved the fit. To compare models, we also used the Bayesian information criterion and Akaike information criterion to determine the balance between obtaining a good fit of the model to the data and yielding precise parameter estimates.
All statistical tests were 2-sided, where p < 0.05 was accepted as statistical significance. 
RESULTS
STUDY PARTICIPANTS. Baseline characteristics stratified according to 3 CRF categories are presented in Table 1 . A higher CRF at baseline was inversely associated with TC, LDL-C, TG, non-HDL-C, TG/HDL-C In other words, TC, LDL-C, log TG, and non-HDL-C have inverted U-shaped quadratic trends with aging, meaning that they all tend to increase up to a certain age and then subsequently decrease. In contrast, HDL-C has a U-shaped quadratic trend with aging. Values are mean AE SD or n (%). Linear trend for TG and TG/HDL-C ratio was tested after log-transformation due to excessive skewness. CRF was categorized into low (lower than 33.3th percentile), middle (those within 33.3th to 66.7th percentile) and high CRF categories (higher than 66.7th percentile) according to the distribution of agestandardized CRF at baseline.
BMI ¼ body mass index; CRF ¼ cardiorespiratory fitness; CVD ¼ cardiovascular disease; HDL-C ¼ high-density lipoprotein cholesterol; LDL-C ¼ low-density lipoprotein cholesterol; METs ¼ metabolic equivalent(s); TC ¼ total cholesterol; TG ¼ triglycerides. Trajectories In Table 4 When the WC residual was added to model 2, the estimates of age-squared changed by over 10% in TG, HDL-C, and non-HDL-C, and the significant association with age-squared in HDL-C disappeared (Online Table 1 ). TC and TG tended to increase with age until the age of early 50s, whereas LDL-C and non-HDL-C tended to increase with age until around the age of late 40s, after which decreased trends were observed.
In contrast, HDL-C tended to increase slightly over all age periods. All 3 lipid and lipoprotein ratio variables, including TG/HDL-C, TC/HDL-C, and LDL-C/HDL-C, tended to increase with age until the age of early to mid-40s, with decreased trends observed after the 40s.
In these trajectories, men with low CRF showed a higher risk of developing abnormal lipid and lipo- Table 1 .
non-HDL-C showed consistently inverse associations with age-squared (all p < 0.0001), indicating inverted U-shaped quadratic trends with aging. There were significant inverse associations of CRF with TC, LDL-C, TG, and non HDL-C, and there was a positive association with HDL-C (all p < 0.0001) (Online Table 2 ). Similar results were found in the subgroup analysis for subjects with low-fat or -cholesterol dietary habits (Online Table 3 ). Several epidemiological studies have shown that TC, LDL-C, and TG decrease after middle age (11, (13) (14) (15) .
DISCUSSION
Decreased cholesterol concentrations with advancing age could be explained by the relationship of the inflammatory response to common chronic diseases (16) , reduction of cholesterol absorption due to metabolic and hormonal changes with aging (34), and poor health status (13) .
However, these effects may be minimized in the present study because subjects with a history of myocardial infarction, stroke, and cancer were excluded. In addition, the results of sensitivity analysis after excluding subjects with diabetes or hypertension were consistent with our main finding. It is also possible that those who live longer have a more favorable lipid profile in terms of selective survival.
Previous studies demonstrated that HDL-C decreased (13) (14) (15) or did not change with advancing age (12, 16) . However, HDL-C tended to increase with age when mean HDL-C was compared among representative U.S. men with almost 10-year differences Waist circumference and percent body fat were normalized by CRF. *p < 0.0001. †p < 0.001. ‡p < 0.01. §p < 0.05.
BP ¼ blood pressure; other abbreviations as in Table 1 .
between the survey periods, supposing that those in the same age group were the same cohort (e.g., mean HDL-C of men age 40 to 49 years in the 1988 to 1994 survey vs. that of men age 50 to 59 years in the 1999 to 2002 survey) (9, 11) . The present study also showed the trend of increasing HDL-C with age. In addition, despite a significant interaction of age-CRF, the graphical illustration of HDL-C trajectories with age are not so prominent, perhaps due to the generally small variation of HDL-C with age (9,11). Thus, a future study using a population with a wider range of HDL-C is warranted to more clearly discern the protective effect of CRF on the age-related HDL-C trajectory.
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